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LER0BUCTLON
The possibility that the findings of slecp wesearch might be fruitfully »5  ij

applied to the problems of meutal Llluess contiaues to luspire countless noc-;;;f;:

turnal vigils. In this pregentatlom, we will summarize gome results obtaingd j§ L

vom allenight vecordings in schizophrenic paticnts and some velated studieg ol

. in esporimeatal animals vhich may enable us to suggest that REH sloop mechag=
 isus play @ role in tha pathoy goussis oz tha pc;chotic gtatee

It hag always been an atbtractive hypothoes Lhut the processes underljinu

- the production of droans may also be favolved Za the genesls of psychotic “ftf
{llncsses slimply because of the obvious phenosawological similaritieal =3 |
Without claiming ahsolute verldicality, some of the features that charactcr— 2
izo both dreaming and psychosis way ba meutioned for the purpose of illust:ating l;;?
‘this peinciple. Thus, hallucinatlons or porceptiong withoul & basis in raality i
. wmay oceuy 4n both conditlons. “hera 1s often a sense of Japersonalization in |
that the self w3y be obgserved as though events were happealng in the 1ife of $=
-

someone olae. Tims sense nay bo altaved go that thezo is n.fuclin» of cimol:ss

" ness = that time has stopped =« ox that 13 has spoeded up or slowed dowa. f
?eeliuga or affects ave more variable in inteasity than ia waking life and say i
Abe.Aat times, qﬁike iuappfopriate to what is golug one Objccts oz othor acovle' f7w
ofton geem to be either incompletely rccognizc& or dvcompletely represcited, | i F”}f@
and may bo involvgd in episodaes that would not occur in normalwcircumétances.' j;;,‘
At ﬁimeo, thicking hag a bluarre, fracturéd quaiity. Judgoment way be partially H
.suspcndad so that évents vhich have an auva of strangencss are balievod.‘ |

Thg possibility of a rolationship between dreaming and pgychosils hag boe ;'

gomﬁtaven moze attractive since 1c'has‘becam¢ kﬁawa that dreaming is but cua ,‘f:f'E
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aspect of a unigue bilological proceas vniversally Siatributed omong oll mame
nals, & process with its own neurcanatomical sudbstrate and biochomical roapus

[
latocy smchamim’”'}g‘ﬁa?@ Thug, eithough many factora obviously contvibuto
to the schisophronic psychosis, we now lnow thot some of the most puzzling

mantfostations of this illness ave also the normal byeproducts of a functional

process in the brain and oo routively generated during 4ts rogularly occure
.riug pariods of activity evesy night fu every human being. If w3 can, ag
least fox i:ho prEpoIes ofﬁ#;uwni: s assuns that there 1s a correspondeuco bee-
tween dresming, RIM aslcep, and some of the paychotic symptoms such sz hallu-
.cinatious, then we might consider the quauntity and wniversality of REM slecp
and its urzent response to deprivation, and avugg,est that the sajor pi.u:zle ote S0
adays is wot why or how hallucinations and othéf gymptons oceur, but rather

vhy thay donlt occur,. In othor words, what is it that so cffectively proe

vouts most people from "drcaming while awsle'? TFeom this poiat of view, cere-
tain aspocts of the schizophrenic psychosis could bo scen as the result of a
malfunction in whatewver process ordimarily confincs dreaa cxpericuces to the

8,9,10,11 has

bhacurity and safety of sleep. Reecont work in our labosslories
guggasted that guch a malfunction, or sonething elose to Lt, con be producdd
iv experimontal enfmals by the chvonie adudnistration of para-chlovophenyle
alsuine (POPA), & solective depletor of brain serotoniuu. The degree of
~velevance t)..: such a Ypreparation" sdche hava for those interested in the
poychotic stote in huswas will be left to fndividusl judamout. Our task in
this pregontation will be moxely to summarize percinent experimestal data in
both conditions end to point out the fntriguing correspondences that this duta

hes vevealed.




Before proceeding further, wo must define an importaunt distinction with
RN

s, E O T I, )
rvegard to the physisloglesl concomitan

noy be divided into two classes which have been termaed phasic cvonts and founic

eventslg‘Ié Temic events ave those changes or physiological characteristics |

@

vhich more or less define the REM peried, and which are maintained continue

ously throughout its duration. ELxamples of ténic events would be EEG actlva=

tion, EMG suppression, brain temperxature elevation, etc. Phasic avents are
those activiéi@a which are 5h@:§wla§$ing and discontinuous. Ia addition to
vapid eye movenmscnts themselves, & uumber of other activities have been de-
scribed that fall into this ecategory = for exampla, middle ear muscle contrace
tions, cardiovascular irregularitics, respiratory chances, muscular twitchiang,
phasic changes in pupil diameter, phasic fluctuations in penile tumescence,
end finally, the unique bursts of monophasic sharp waves that characterize the
alectrical activity of the pgnsloculomctor ouclei, lateyrsl geniculate nuclei,
and visual cortices 010017,

It is our fealing that these monophasic sharp wavas, hereaflter roferred to
as PGO (pontine-geniculate~occipital) spiles, raprosent soma sort of primary
trigzering procegs for all other phasic eveuts, particularly eye movements.
Attesting to their primacy in the triggering of phasic gvents {a general is
the fact that PCO spikes wnsarly always appear some tima before the actual on-‘
set of the REM period. This and other properties of PGO spikes are Llluge
trated in Figures 1 and 2,

Besldes being a2 helpful taxonomic refinement, the distinction betwecn

tonic events and phasic ovents iz important because under certain conditions,

these two classes of activiey wav be dissocisted. The first clearecut domoge
18

stration of such a dissociation was accomplished by Deloxme and Jouvet™ ,
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who showed that REM periods werxe sbolished by high doses of reserpine Lo the ‘
cat, but that phasic events (PGO spikes) coutinued to discharge throughout
¢ghe pexlod of suppressios. An important principle is suggested by these and

similar results, to wit: that at least two distinet neurologlcal systems

and/or mechanisms are involved in the REM phencmenon - the firat a system
which functious to produca REM pexicds, ia effect s _tonic aveats system; aad
the second, & system which geunerates or triggers the phasic eveats.

Finally, if wé had to waka a choice, it would peecm that the gubjective
experience associated with REN pericds shoﬁld also be clagsified as a kind
of phasic activity. The fact that some dream experieuces appear to take

19,20,21

place in NREM sleap is wot comtradictory siunce a porxtion of the PGO

spike activity is alao'associated with this phase of the sleep cycle.

THE EFFECT OF CHRONIC PCPA ADMINISTRATION TN CATS
A theory regarding the funetion of serotonin in brala has been developad

é
by Jouvsi22e23:24

in vhich the smine is viewed as thettramsmitter or neuroe
modulator substance of a NREM sleep-inducing system vhose cell bodies lie in

the raphé systen, a group of uine midiine cellular aggregations extending

from the medulla obleougata to the posterior diencephalen. Receat studies utile
izinz f£luoresceuce microgeopy have demongtrated that'nearly all the saerotone-
ergle neurons of the brain are leocated iun these nucleil and thuc sorotonin in
other portions of the brain lies wainly iv the axonal termlunals of raphd neure

25,26
onsg

« Iun an extensive series of ablation experiments in cats, Jouvet found
that loss of raphe tissus was assoclatad with the development of imsommuda which,
in turn, was correlated with a f£all in brain serotonln. Tijis zesult was bute
treaged by the edditional £inding that deplatioﬁ of serotonin by administrge

tion of PCPA algo produced a drastic reduction ia sleap time. TFinally, it

N,
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w#s noted that both PCPA god lesions in the zégﬁm’ syaten wore followed by
the appearance of PGO spiles iu the waking state.

We have confirmed and extended these vegults with PCPA aod have been led
to a somevhat different notion about the role of serotouin La brain”’
Our studies involved continuous polygraphic and behavioral obsexvatiouns ofA :
cats, 24 hours a day, 7 days a week, for long pericds ofr tima, up to two or
more months. The mean normative valuss for PGO spike densities in REM pae
riods as well as daﬁy NREM and REM sleep times ware fivst eataﬁliahad durding
extonded baselime periods. The polygraphic observations together with ex-
tensive behavioral observation and behavioral testing were continued throughe |
out the subsequent period of chronic PCPA adainistration during which each -
cat xeceived doily aubcutaneous injections of the drug in doses vranging from

75mg/kilo to 300mg/kilo.

859,10,11 24‘
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Very little chouze was noted during the first 48 hours of PCPA admiunistra-

.. tion. Ho‘véaver, at goma gpecific poiut in timae, monophasic sharp waves bearing

an exact rescublauce to PGO spikes began to appear during wakefulusas i{un avery
cat. The davelopment of this pavticular change is illustrated in Figure 3.

Nearly all other importapt changes scemed to occur in closs assoclation with

tho appearvance of spike activity in the wakinz suimal. There was a precipis

tous drop in sleep time (both REM and NREM fractiona) and one had the impraes=

sion of a profound iuternal disturbance, Indced, the animals often seemed to
raspond to the internally gemerated bursts of PCO spike activity as if theay
werg oxtemnal stimuli. These reapmxses. moat frequeuntly took the form of
alerting and very ofteu included scarching movements of the head and ayes.
Occaslonally, the behavior associated with bursts of spikes suggested the
possibility of fullblown hallucinations, In addition to the development of
ingomnis and "hanucinati.om,“ the PCPA animais underwms a profound and prae
vigasly undescribed behavlera?. chang@ m%xich in@lu&@& the emergence oﬁ
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hypessoxuality, hyperphegle, profound Lrritebility, as wall a8 8 awaber of

altevations peculisy to dudividusl animals. 7These changes wove exceadingly

' praviously dndifferent male cats wouid not oaly mmg&zigivgz.y mount auncsthaw

¢ized male cats ond pusgive mai@ cabg, bub also wsuld relonticsaly ataik a
fully swaka, fﬁ&iﬂgb clowing novmal tomeot with scxuval datont for as lenv

as we would allow. Cats who uornally imnovad laboratory rets bogam to kill

themivith a raniéity and conceantraced gavarery that ecvoked lmazes of the o

Jungle. A good analogy te the eweorjonce of thsa behavioral and olchro~

physiological changoes in asﬁggxatian with PCPA administratlion is the f£lood

produced by destvoying a dam. In this ilnstance, the dem might bo tha saro=

tonergic neurons of the rsphéf@yaﬁ@mg

~ Alchough the fullblown PCPA effect took sevaral days to davdlop (which

may sinply represont the time requirzed te woach a critical &ﬁeshcld of gero= . |

[

touin depleiion), a ncariy inptantaneous raversal of both the aleccrthyaio~‘

logical and behavioral changes was accomplished by admiuiaterinm vary amall
amouats of S-hydroxytryptophan, the motabolic procursor of sarotonin.
After several doya im the state of insomnis sod drive acceutuation dee

scribed aﬁown. a reversal of varylay degrees took placewaven though‘zha PCPA

dosaze was alweys maiutalnod, ~The aniwals bocems more and move letharpic and

or eighth day of PCPA aéminzsﬁr&ﬁioaa both NRENM gad M sleep tinos had vae

. pleop periods were borh longer ond wore £roquout. PGO spilke bursts wore less

‘Q

turned to maximum values which were @ﬁﬁan within the bassline range. Fignra.

é illuatxa@g@ a @ypg@@z @@g@@@ 2 dn ono @a%@ J_1:f ; 

. N . B R . . v N
g b o L T v
i fh o 0 e o L . '

Pt

dramatic aud 4t ie d4f£ficuliy o de them fustice with wore woxds. For examgi%; =

dutonse and appeared to losae thair power to disturb the aninmal. Dy the seventh

.
!
i
i
t
i




rlods ghowed & Tapid £all to a substantisily lower valus in all ecats (see

Tutevosting chavges took place in the patiorn of PGO spiks discharge.

When the spilkes appeared ia'@h@ walking stake, the Lrequency within REM pee

Pizuce 5). TInitially, only occasional splkes were seen in the waking state,

but the frequency increased very quickly to a platest which was always lass

than the dischavece vete within REM p&z&aﬁgo PED apiles bagsu to occuy ale |

most gontinuousl& 1niNREM slecp = that ig, therae were ao prolonged periods of g
MREM sleep without spikes. As the pGPA'treatmant continued, it was ag 1f all
rogulation of PCO activity had vanished albwing the spike discharge to dige
perse itself moxe or less equally vegardless of background state.

We maintainoed cats on'PCRA_fo: vp to 37 days. When the drug was withe

'dr&wn, there was & gradual veturn to normalcy over a three to £ive day peried.

REM SLEEP DEVRIVATION STUDIES IN SCHIZOPHRENIC PATIENTS
A number of studies have deseribed the allenight sleep patterns of vari-
ous populations of schizophrenic paciant528'35. Although there has been 1lite
tle consistency among the studies with regard to therapy (druy administration),

dlagnosis, and clinical state, thore have been a fow roasonably consistent,

i£ aomawba£ vndramatic, £ladings in what are otherwise csgentially normal data.

The firat £4ading is that the schizophrenic populatious appear to have a
shorter lateacy L£ur the onset of the firast REM period comparad to most normal

control groups. Sccondly, the overall sleep patterns of gchizophrenics ap=

- pear to be significantly uustable {n that the NREM=REM cycle is axtremely varie

able in length and the various sléep stages apyegr'to be easily end frequently

. interrupted. In addition, the overall ameupts of time deveted te the differe

ent atages appear to be highly variable from patient to pé@i@atg

[
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terforation ia cccupational and sociel functicuing. The patients in one

=y

w4

In our oW wx*izgéﬁﬁ&ggggg wo have attempted to veduss somo of the cone

founding veriables by keoping phenothinzine medications constant throughout
t:hel poriods of study and by carafully delinsating the clindcal state of the
pavieat population. Our cbasrvaticos have been focused on Lwo groups. Both

groups ware cowposed of chrounle process m&*giaophmnics with evidence of dee’

group Were exporiencing active symptountology = hallucinations, delusiouns,

though: disorder, bizarre motor activity, sud affective abnormalities. The

" continuing symptomatology was sccepted by these mea and eexvéd to explain

thedr pogition in 1ife for them. This waa probably a factor that mitigated

auxiety. The socond group was as clinically diffeventiated as possible,

- consiating of patients with no active symptomatology whatgocever. In othew

words, they appeared to be in complete vemission. These two patieat popu=

lations were subjected to two congsecutive uights of selectlive REM alecep de-

.. pwivation. Each 'pat:i.em: had baselina, doprivation, and roecovery xecordiags.

Nive patients were studied in the ac:ivcly 111 group, and all nina failed
to show a postedeprivation rise iun totel REM sleep timo (REM mebownd). Over
the entive five uight wecovery period, thay averaged ouly & 5 porcent make=up
of the REK time lost oa the two deprivation unights. Ome patient wss also REN
deprived for an uxionded poriod of oight cousecutiva nizhis and he too failad
to show the usual cowpensatory REM zebound. |

On tha other hand, patients {n remission, iuciuding somsa patlonts who had
also been studied vhile actively 411, all showed substantial mbounas. avors
aping ovar 200 porcent mkﬁup g@l&@@ﬁ&g m@ deprivation. The percent makeup
can be contrasted to the 50‘2&56‘1 lavel g&w&egmm@ti@ of wormal subjocts, or
nonwachizopb.renic pationt cﬁﬁaml mbj&cts W@’Zﬁ‘ a fivee righe revovery pariod
following twe deprivation uights. None of g@@ gz@gimm showed any increase

LTI BN
s
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in symptoomtology duriog oF aftar the deprivacion pericds. In & velated
sLudy R mby and c,amm@&lé” failad to sue aither an jlomediste or & delayed
REM sleep rebound Eo}.immg 8 poaried of mmz sleap ﬁeprivatim ia a group
of chvonic schizophrenica. ‘

Thera are oniy two other roported studies of mz.agt.iva 231 sleap deprivae
tion in schizoph::eniés. In one, fmumi et g@fﬁ fourgl Little or uo REM re-
bound during racovary aleep following three nights of deprivation in three
' patlents, Howaver, ia the other studyg, Va»el and erb&z obtained substane
tial BEM sleep rebounda following five to geven anights of agicctive REM s}.cep
deprivation in fiva schizophrenic patieuts. These patients wers dageribed |
as followas

"In tha last few years, all subjects had several acute episodes of flore
idly psychotic symptoms which fncluded delusions, assaultive behavior, audie
tory and visual hallucinationg, fecal smsaving, cata;onia, aud word palad
aspacchi. During tho baseline period of the e:cparimant. tha gubjects ware £ree
of these florid symptoms.” A variety of tests were repeatadly aduiuistered
to the pat‘ients to help define their clinical state at differcnt times during
the exparimani:al poricd. REM deprivation produced uno change on the tests,
but the 1nitial levels or scoy:eé? woxre no‘; zeported by Vozel and 'zraub. it
secmg to us that their patieuts.wem more gimilar to the paticuts In our sccw
ond group vho were easentially in cpoplote remission with no active gympto=-
matology. sAceordiugly, tﬁa cbaarvation of REM rebounds by Vogel and Traub is
cuusiatenﬁ with the observations rep‘ox‘zed by us on this sacond group. '

In terms of a possible ebligatory “quota® of R slesp, wa have conside
eved the failuce to vebound in @@ti%iy i1l patieute 2 £indiog of praest ime
portance with farereaching Ln@licatim for émiarﬁagémg the actively psy=

chotic state. In view of this, we have aiued our studiss in @xmﬁm:zml




aniunals {sec earlier sections) towaxd the gosl of produciug a Labovatory
model of the elinfeal aitusticn and vaproducing asz many of the elinical

findincs sa possible. In this ﬁ“ﬁ@@ aad ib this senss @alyg W have ra=

zavded the cat trested chvonleally with PCPA as & labovatory wmodel of the

puychotlc state.

SPECIFIC PARALIELS BETWERN CHRONIC POPA CATS AND SCHIZOPHRENIC PATIENTS
There is & great deal of resistance to the concept of “poychosis" in exe

peviscntal apimalsg, particulavly in non-primate apecles. This is presumably
becauge 50 many agpacts of psychotic illnesacg, indeed the essential deflaning
‘charactovistics, invelva disturbaunces of functions that ave uniquéxy human e
guch ag aymﬁol foxmation, asseclative processes, language and communication.
On the other hand, these overt aymptoms occupy the axcluslive faéu@ of ouy
attention only because we have o information that definitely ifmplicates
changes on other lavels of function. If we are willing to assume - at least
for the sale of argumont = that the praesence of a biochonlcal abunormality is
& necessary factor in the pathoiencsls of the schlzophrenic paychosis, it
shall then be completely obvious that repreducing the exect same biochemical
abnornalicy in an experimontal animal, such as the dog, cat, or rat, would
mover give us a condibion voscubidnz the buman 43lness in all vespects. The
important quaition is, if we boow the basic cause of gchizophrenia (recoge
ﬁiziﬁg, of course, the possibility of multiple causes and wultiple syndrowss)
and could veproduce it in an animal, whak weui& we gek? Filrat of all, we
might gé@ nothing. A blochonleal dafect that would produce schizophrenia in
a human might have wo algnificent conssquence for o zab, or even & woakey. ¥

The best one could hope s that any disturbances seon in experimontal saimals




would be racognizable menbers of the echizophronic syndroms {(funappropriste

amotional behavior would be an example), and that wo changes would be go-

" tally uvarelated.

1f wa really koew the bssic cause of schizophxeals, the foregoing dige
cussion would be scademic. o one would cave the least whethoy or wot repro=
ducing the basic abmormality in exparimental animals slao veproduced the
clinical syndroms. ALL our interest and concorn would bo directed toward
vevarsal. Behavioral change would be of interesgt only 4£ en independent
meagure of such & reworsal were useded. Unfortunately, we know uothing
abéut tha basic cause of‘“schizophrenia, or at‘ least very little, aand wa ave
still searching for a good progpect. For this 'maaon along, while vocog=
nizing the mony difficulties and logical incousistencies, we caunotrafford
to ignoxa m{y oxperimencally produced change in aninsls that bears a veasone
able resemblance to the schizophrenic syndrome oF :m& of ita ports. At the
moment,v the promise of such @ vesemblance « ita relevance = can bae judged
only on the basis of whatevez demongtrable physiological asud behavioral paraes
1llels are present.

It is frowm this point of view that we would like to describs soms ia-
triguing similaritie'& between the chronic PCPA syndrome in the cat and the
schizophrenic pgychogis in the human., We will judze this eadeavor worthe
witla if it stimulates any further attompt to evaluate the functionsl status

of serotonergic systems {a pationts or any now approaches to the problom of

mpagurement. Whether or aot the chvonie PCPA cat is the best model, or evan

e

a good wodel, has 1little weaning sines, as fay as we know, 14 the vhole realm

of aperimsutal psychopathelogy there is no other condition or preparation

that has been advanced as au aaimal mﬁ@ll of the achizophrenic psychonis.




% Before proceading fusther, we should meution cue possible parallelism

e

which cannot be comclusivaly evaluated at the present time, but which we do
not think oxists. DBiochemical snalysis of brain tissue from cats receiviung
150mg/kilo per day of YCPA has xavealed that braia serotonin f£alls to unde-

tectable levels within five days and remains undetectable throughout the pe-

riod of drug sdministration. The maximum peried 0fttr@agm@nt ia our cats

was 37 days. We do not believe that couparable raa#lta would be uniforuly
obtained if schizophrenic brains were availablo for aunalysis. The bagic abe
- normality fu the PCPA cat msy bo defined or conceptualized as a fuanctional
ablation of the serotoneigic naurons of the rapha systew, since we assumed
that chrouic sorotonin depleticn of this maguitude must Zutezfere with normal
transmission f{a these ncurons. Accordingly, Lif the PCPA cat wés the true and
valid wodel of the achizophrenic paychosis, we would expect to find abnormal
functlon of gerotonin uneurons in all patients, but we could not predict the
specific dafeét. A number of possibilitigs oxist Iucluding abuormsl gynthae
sis of false transmitters, sbnormal release, sbuormal veceptor sites, etc.,
any one of which could probably produce the vequired functional deficit im
sarotanﬂfgic neurons.

1. Ovorall sleep patterns 4in PCPA cats and schizophreaic paticnts.

It 45 mot the purposé of this discussion to avaluate the vols of serotouin
in the wegulation of sleep per se, although there cen be little doubt that such

a role does exist. However, one issus must be eclarified. The axcellent and

extensive worl of Jouvet ss woll as otharea3‘44345

hag led some poople to
conclude that without serotonin there cas be no slecp. Sinco achizophrenie
paticents geem, for the most part, to obtain cssentially wnorwmal smounts of

dmusdistely au@p@cé@

gleep, & serotouin depletion model in any species would be




The angwey &6 thie objection fs twofold. In the £ivst place, €u the honds
of some investigators, POPA hes been sduninistered without producing lusom=
nia&ﬁ.lﬂ’ and in the second placs, the gtudies showing that solective seroe

* tonin deplotion leads to inscmais all duvolve siugle dosas or very limited

periods of tveatmont with PCPA. We belivve thet oux own studies Lnvolving
prolonged treatmank'with PCPA in'catﬁ have satisfacﬁcrily‘feso%ved aay appare |
ent conflict among othar fnvestigators. ALl of our é&ﬁa have shown an early
kerior of sovere insomnia lasting several days, followed by @ two or three
day long recovery to wore or legs low nommal amouuts of both REM and INREM
- alaepe. lWa have also obaerved & simllar pettera of sleep reduction and re=-
covery in two monkays that we treated with PCPA for geveral woeks. Ace '
cordingly, we way assert that the finding of aormal amounts of glaep 4in
.achizophtenic paticnts is no objection to regarding the chronic PCPA cat
ag a laboratory model of this condition.
The most aﬁriking parallelism betwaen pacients and PCPA cats in terms
of overall sleep pattems can be scem only wheu we exomine sﬁhizophranic

data derivaed £rowm lonzitudivnal studies. Such data i hard £o couwz by bee

cause it requires the raroly euncountered combination of opportumity and
industry. The ohly good longitudinal data that we bave seen was veported
by Suyderﬁs, who showed that the acute onset of & prolouged paychotic epi=
sode {n & schizophrenic patient was accompaniled by severs {ngomnis of save
eral days® duration followed by a return to more normal amc@ncs of sleep.

A rapresentative figure ia Suydex®s report bosrs o atri&ing vasemblance to
virure %kiu this raport, which fllustrates the day by day sleep changes ia

8 representative cot.




Although we cannot properly define & véiu@ for REM sleap latency when
cats ave allowed to sleep ad 1ib with wvound-the~clock plygraphic mounitoring,
the measure can be evalusted i@ cats whose sleep &8 rigidly scheduled by ene
forcing wakefulness at all other timas with a ﬁr@admiiléga As with human

Bubject;. REM lateuncy in ecats is essentlally the amount of NREM sleep that
{ntervenes batween the firet onset of slesp and the onset of the first REM
period, In five cats who were placed on a daily schedule of 12 hours on the
treadmill (awaka) and 12 hours in the racording cage (mostly asleep), the inie .
tiacioﬂ.of PCPA treatment wag folioﬁad by markad reductions in REM latencies
tﬁat rangad from agbout 60 percent to as little as 10 percent of theibaselina
values. Similarly, several studies of schizophranic patients have noted the
unugually early occuvrence of £irst REM pericds on certain uights. Howaver,
'@ mora systematic evaluation in the recent study of Stern gggg;,so which ine
cluded data from 56 nights of sleep iun eight untreatad acute schizophrenics
showad & highly significant reduction in mean REM sleep latency as compared
‘td normal control subjects (53.3 min. ve., 93.7 min.).

™~ Finally, without attempting an exhaustive deseription of data, we will
meraly assert that chronic PCPA administration'in cats increases individual
variability in amount of time gpent fn REM and NREM sleep and this, of course,

is the most commonly noted . ebservation among &ll the studien of sleep in

achizophrenics.

-2, Dreaming during wakefulness,

There is little doubt that serotonin depletion in the cat has the effact
of "releasing" something to cccur during wakafulnasalthat ordinarily is cone
£ined almost entirely to REM pericds. If thig somsthing, specifically PGO
spike activity, is what triggers or iustigates dream experiences, then the

PCPA cat might qualify as a wakiag dréamexe If the actively ill schizophrenic

Do et

is also a waking dreamar, &8¢ gome have pqa%ul&te§15%%§ then the obvious




parallel may be drawva. fHowsver, lest we bocome too sanguine sboul this simple
wmatashorical comparisen, we should mantion pome qualificatious. The truth of
. the matter is that wa really do not lmow encugh about the essentisl phenmomen=

ology of either psychosis ox drasuing to postulste thely fundamental idemtity

~ with auy degree of certofsty., As Carsey Landis has poduted eut M vary few por

gong have had tha opportunity to study sa eutobiographical account by anyona |

| who has 1lived through g pewiod of im&niﬁy“ﬁ 1@ In vecant yoors, the psychie
atric litezature ﬁas stregped intexprotation and there hias been a tondeuncy
"o 1gno£e the literal wesning of what psychotic porsous say about themselves.
The sama tendency has existed to o somevhat Ieé&er extont with wegaxd to
dreaning where, again, we have focused on meaning and interpretation at the
expenge of understanding the esgseutial quality of thes expericuce, ag well as
the lutricacles and doterminants of gpecified dream content.

A second qualification has to cio with the possiblae conscquences of cote
| bining, or attempting to combins, waking and drecming functioms. While it
may bo quite all right to gonarate & dream expevrience during sleep, vheuf;_
ﬁteze is presumably uo cowpotition for the perceptual squipnemt, it might be
quite different to inject dream fuages into the omgbing astrcan of waking pere
ceptions being senerated by seasory inputs from the envirowment. Soms years
- ago, one of us (WD) proposad a ai,mpics modei of the neural substrate of
&reamiug. "During REM sleep, drecam images avs, in affect, beiunx substituted
for xatinal stimulation at soms point i the ngmiw-wfaspma pxmeaa"‘sza &
latay at:tidy,by Bisad and Brwkgsg suggoested & wnilque functionsl neural change
during REM slecp which invelved aw internslly gmat@d imp@@ to the visual
gyatem 8t the level of the lateral gealculate mgi@@ vis the pontina retice

ular formation. Spscifically, thoy fouund thut sinzle shock stinulation at

pontine sites from which thay w@z}@ able to record PGO

{
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. other times, identical stimuli yielded no vesponse. Thus

/
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an evolced responsa in'ﬁhé LGN, but only during pevicds of REM sleep. At
Thus, an alternative
pathway for imput to the visual system appeared to open up during REM sleep

through which dlscrete bursts of actlvity generated by REM sleap mechanisms

could be funneled {ato the perceptual agfaratua. At tbe present time, it is
parsimonious to assume that thaese intrusigs s@imuii in 8ons wgyrgive rise’to
the perceptual imagery of the draam experiénce; if this is true, them to
expefienéé alwaking dream would rxequire that these bursts of activity impinge
hpon thé'visuallaystém during periods of wakefulness. The appearance of .
bursts of REM type of spike actiﬁity at geniculate and cortical levels during

wakefulness, well documented in the PCPA cac; supports the validity of this

* argument. However, we cannot presume to know what happens when retinal and

pontina inputs collide at the lateral geniculate racéptots. Does one or the
other, presumably the more intensa, win Sut? Does f£irst ome, then the other
predominate? Is there & gating mechnnisﬁ thaﬁ cannot pags more tha ®a ine
put at,a.time? The preaanﬁ state of our‘knowladdge allows us to say almost
unothing about these and other possibilitiea. We can only conclude that $f.:the
procagses that ordinarily give xrise to the nbrmal REM=type dream e#periauae.
whatever they may be, were “releasedﬂ iﬁto the waking state, they would not
necessarily produce a fullblown dream or hallucination in every, iunstance.

Such clearcut perceptual intrusions might require that A certala othexr condie

Lo 4
A

tions be fulfilled, and hallucinatory activity might be incermittenc, aven
though the baai§ inatiéators'might be continuously'present.

& shiéd qualification would duvolve individual reactions to s waking
dream. If such intrusive experiences were to bégaccepteé as “real," there=

fove constituting psychotie symptoms, th@y would have to be virtually cone

,tiuvous , aiia&ing'au individual no chance for comparative vaflortion, ox,
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they could have fabruded from the wery beginuing of Life, In which case,

the real world would never have bagn propexly learvod. It 4is difficult to
inapine what the "world view” of someone would be like Lf his expericnce of
it had been continualiy-intmﬁeé upon by his dreans, Such s Jofoct might mot | b

announce itgelf in an unaquivecal manner for many years. %he occurreace of

indrusive wental processes ab sil azes, and long before tha onsek of clinie

cal .symytq;ms, iz detéilad in at least oue autobiogmphical accouuﬁy‘ by &

racovered schizophrenic. ‘

Piaally, we wmst ask whet aspects of R sleep would be tho ninlioum gub=
“strate required to generste draam exporicuces outside of REM perieds. This
is tantamount t:é asking for a description of the neurephysiology of:' the waking
drean. Is the cruclal processy REM sleep, or in it ma*:ely aom::hing. that oce
curs in R aieep? It has ofton been pointed out thé.t the most striking fose
ture of the dresming brain is its close vosenblanco to the waking braius'r’;%;?,
Studles of mauy physiqlo.gical variables during R slecp uniforaly suggest
the presence of a high lewol of avousal, in wo way diffcerent froum that sesn |
during active wakefuluces. Theve are, in fact, only three differcuces bee
twaen RIX sleez; and wakefulness ghat az'e:; 'é:ort:h mentioning « two have been o ‘
objectified and one has been faforred. Concwotely, REM sleep i3 charace

torized first by a powerful Lohibitory pracess” 80 9»00

which presumably
preveats peripheral motor respounses to the cutput ofir.ha droaning brain,
theveby malutaiuiny aleep, and second, by the previcusly described PGO spike
activity. The thicd chavacteristic is the lack of awarencss of the environe
ment = we infor a shutting cut of «lmvi.ramacal stioall alahm;gu evoked poe-

tentials can s8till bo csally elicited.

It is our working hypothesis that P60 spilke activity, or rather, 1ts hue

noa analogy ;w‘yee undemoustrated), is the miaimm veural substrate of




drean imapeg. The continusl cccurvence of such sctivity In the waking state
aa'exempli.fied by the ?CPA cat (sse Figure 3}, would not nccessarily mean an
endless scquence of waking drcums. Rather, it would mean the more or legs
econtinual operstion of 'au {ntrusive procezs that might produce different

v !
things st differcnt times, depending upon what else was going on. Thus, the| - ;

| essential quality of the experientisl world produced by administration }vo:E
PCPA would probably be an unpre&tct:able nirture of eziﬁemiiy and intemlly
gounerated paa:cept:ione.-

By coatyast, the phrage, “dreaming while awaka."' which might imply a sea-
soriun almost comp;acaly dominated by dream imag&m, probably applias mors apte
1y to ths "iocus coerulaus” preparation of Jouvet and Delormaels Bilatexal
destruction of this nucleus appears to agc}omplish a‘salectivle disruption of
_the motor irhibitory process wiiile all other gapects of BEM periods are left
Aoré or legs intact. The z‘ésul: iz a cat that goes Erom wakefulncas to MREM
,,_,Vsleép in a normal fashion gud sh&as the onset of REM periods at the proper
cimga. Thege REM periods show noxmal GO spike gctivity, but therae is wo
e suppression and behavior, presumsbly the typical "behavior" of REM slecp, |
occurs. The locus coeruleus cat is complataly oblivious to Lils envirooment |
during these 'REM epi@odeé," but he can be “srousad" by moderataly intense
stj.mul:l in which cage the eplsode '1s termdnated and a pericd of complately
nopmal wakefulncgs ewsuea. Although these two prep#rations are ralated, the
essential difference between the loaus eseruleus eat and the PCPA cat is that
in the former, REM sleap intrudes into the waldlag statea, whereaa ia the late

ter, something that ozdinarily occurs ouly within REM al@@p intrudes into the

waking state. The intrusion of PGO spike a&@&v@y during wekefulness in th

PCPA cat is aleo far more pervasive.
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- Althouch we have epolken a great deal gbout “dreaming™ in the cz, ve have
not yo divectly confrontod the question of whether o mot the cat actvally
C dreang. It is tempting to conclude that the zelatively pﬁmitiva VEEVOUS
ayston of tha cat laak.{a the c#;wacity‘ze elaborvete complan dmagery in wespoase
o PGO spilkes and lot the lasgue vest. This position would be coppatible with

:tlm pracise asture of the oculomotor activity during REM periods in the cat

vhich, 1o contrast 'to the human, does not suggest thot tho cat is looking ab !

somathing. Rathor, the eye movement typically occurs in intermittent cluge
ters of soall, rapid nystaguold jorks with little or no vaiiction fn tho
plene of moveneat.

Oa the other hand, wo have accumulated somav ancedotal evidence which uili-
tates against a categorical denilal of the existence of dreanming in the cate.
We have noted, on occasioﬁ, marked variations ia beh.avior {mmediately afteyr

| arousal from a REM peried, particularly 4f the arcusal occurs just after the
onget of the REM period. For the most part, cats awalkon in a casual and une
vemarkable fashion. However, they cccasionally appear very startéed and show
pilosevection, pupillary dilation, and other sigus of eithor anzer or fear,
Siaca the urouu.mgr, stimuli sre essentially coustant, such variation could ba
dua to some unusu#l Sdrean® activity i‘d the R sleop just precading avousal.
The game hiad of behavior has boen oboerved with spoutansous arougals ox:; a
fov gccazions. Such evidence cevtainly does not suggest that the cot Jdreans
- throughout every REH period. Rather, it is move cowpatible with tha aotion
that the GO spilke zxctjs.vi_.ty is occasionally intense enocugh to elic,ic:' & come
plax porceptual resnonge. |

By the sans tokon, we aze uot suve that bursts of | IGO0 spiles during wakee

fulvoss in ICPA cats are sccompauled by halluciunations. The answer to this
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question dapends entively upon what cue is willing to fafer from ths asgocie
atod behavior of tha cat. Our own conclusions were based mainly upon careful

scrutiny of the vi.éaatape records vpoun vhich the ¥6O s@ilma and the caks?

behavior wera sinultansously displayed. Inm general, behavioral responges wers

sasociated with burste of splkes (e Figure 6), while single spikes had wo

behavloz:all co:.*re;aw at 2ll. By far the wmost frequent behavioral correlate |
of spilx burats was a gequence of sesrching movements of the hexd and eyes. |
In other words, tha cat looksd aro@d, Our current foeling is that the PCO
| opdle Vacti.vity dosg not lnstigate fulldlown halluciﬁations Graking dream fne
azea) in the cat. In the £irst .placa, the behavior i aot ovdinarily aceoi=
penicd by signs of cmotion = anyer, fear, or affection. Iun the second plaée,
the aninsls varely exhibit visusl £ixmation =« rather, the behavior more proe
perly suggosts alartiug; searching, and/or expectancy. The best inference
is that & busrst of ¥O ﬂ;iilma in the waking stete 1ls percelved by the cat as
2 harrege of gimplo stimuli, Like knocking on & door or flasii:mg a light.
Occasionally, the cat does vespond to waking splke bursts with behavior that
| could be termed hallucinatory. However, wg are wining to stipulate thaﬁ
although P00 spilkes may be & necessary ingredicot in the production of hale
lucinations, they are not suffielent, and that the ability o vespond to ‘
theiv oceurzeunce with the claboration }of complex dunzery night require moro
brain than the cat possesges. | |

Assuning that 260 apikes do exist iﬁ t.ha hunan, we would therefore expect
.that thé wost definitive im‘:'ormati&n could only bo obtained from & study of
PCPA administration vith humsa voluntecrs. One study has beon zeported in
. which iaaz:iea::a with maligunant carvelnoid were treatoed with PCPA to contrel

- the high lavals of poariphoral zcrataﬁu‘we Although 4t 48 vacaertain that




an effoctive depletion of brain serotonin was accomplisned, pabients wos=

gefving the maimon doses doveloned florid psvehotic syantomatolony, fa=

o e cale
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. ¢ludine halluciostious, which uccegsitated discontinuation of treatment.

o have obtadned additionsl evidence ou thia lssue from pllot vbsorvae

tions on 4 puivr of adult rmbs thesus monkeys. Tho monkeys wera not implanted

for polysraphic vecordings, but were obgerved continucusly day and nlght 4a

their cages duviug a coursa of Lrostmeat with PCPA st a daily dose of 180
250mg/ikge After sbout eight to ten days on the drug, both monkeys showed
Eahavior that all obsexvers cupbatically agreed was hallueinatory. In other
" wozdg, both mou!taya appeared to bo aexperiencing aud zegpondiug to iaternally
geu;)rated visual fmages thak were projocted into the outer world. A Tepros
sentatlve example of such occurrences fuvolved the atemotypaé threat beha=
vior parforumed by ‘t:he monleys whienever the experimenters approachoed too near
the cages. After the PCPA effect had developed, this behavior was oftc;n @e |
aitted with a definite affective component (vecorded on videotape) whem wo
one was in the vicinity. | |

It would appoar that PCPA, through the mechanlse of solective depletion of
brain serotonin, éa.uaaa the development of Imlluc;,imtiona or closely related
behavioral respouses in caks, wonkeys, and hunans . In cats, the basi:s of the
hallucinatory or scarching vespouses appears to bo the cecurvence of bursts
of PGO splles in the waking state. It is simply‘ wore parsimonicus to asoumo
that the same process gives rise to both dreams and halluciuatious than to
pogit two entively difforent raachanisms; assuning « single process, it follows
that the occurxence of any gullblowa halluctnatory expericuce 4in the wakiag
gtate must involve an cbunormal diocharge of RITM @{?@nz;s@ and the casiaest, if
nat the enly way, &Q accomplish such an abnormal discharge liﬁ to interferc
with tho aormal function of sarom;mfgi@ BOUXORS o | That serotonin is
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definttaly daplicaved seens absolufely certaln. ALL the ggxo;‘;mim deplotove
vogavplas, @irebonasios, paraschlovomothaemphotanine, PGP, ofc. = bring on an
uncontrolled dlacharge of YOO asplles. Manipulotions that dizcetly damage the
sorotonerglc neuvons slso “release® P60 spllus, as for exawple, ragha la=

sions, and & similay Invervention, the “eplit byain stem propazation’’ of

Y¥ichel and Roffwargﬁzg Yo other procadures or pharuacolosical treatrants
hava yielded a like wesult,

With vegard to the postulated rolatlionship betweocn PO gplles and drean

. dmages, the objectlon aizht be raised thet while apikes oceur in REM sleop,

some drcembaz 18 lmown to take place in NREM sleep. In the £irst place,.sube

... stontial nvubers of falino IGO spilkes actuslly cccur in MREM slcep {see

¥igures 1 and 2). Secondly, there is now good avidagcc:, obtained by Pivil

et _qi.,.ﬁs in 6u:: laboratories, that phasic eventg ave discherged in human NWREM
mrioﬁs, and by inference, IGO gplke activity. Plvik has described a phasie
{very brief) suppression of the tonic electvomyographic activicy during RREM
slecap and has noted that a similar suppression msy be seen occusionally in
catg in assaci;:atiou with single ov double BREM IGO0 spikes. Examples of phae
sle LIS suppressions in both wan and cat ave ghowvm i Figure 7. In addition
to the vellelknown tonic motor Inhibition duagciated with BEM slean, Pw:w.xp{::l.x:mo5 8
bas degeribed o vhasic Lnhibitlon that comes iubto play brieily M& RIEZ poe
riods ia econjunction with spile bursts. The exigtence of an activa phasic
motor inhibitory process during MM eleep in humans has just beeu demone
strated by Pivik who showed that the electrically olicited *H¥ vreflex was
trousiently suppressed at the cuact mmmi;t of tho 'apoamaeous EMG supprecaion.
Acecordingly, there iﬁ 8 strony infercuce that sctivity analogous to the £f3line

PGSO spike occurs durding HREM slesp iun humsas and, In lins with our postulated
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relstionship, we may sosung thot this zctivity gives wisa f to NREK drcaning.
Obviously, if we grant that FGO eplles occuw in HREM gloep in buwaus, we
ek also assusg thely occuvreuce in RZH sleep.

3. The reguonge to galactive REM sleep deprivation In PCPA cato,

Although its basic significence fs still o puzsle, the existence of the

REM sleap deprivatiou-compousation phencnenon has beon conclusively estabe
1ished in a variety of 8:}3&33%’65"66’67”58. Tha simplest explanation for
. 3ta occurzence has beon iun tovon of sown gort of weed o REN sloep which
requives that 1t must be ab lesst partislly *made up® after any sizable loss.
Aside from the vory fact of its exlstence, the asgumption that there is o
“aned" for REM sleep is bagsed almost exclusively on the consisteal occure
reaca of this pugt-deprivation robound. When we attompted to :;at:' & clecrer
'_idea gbout vhy REM sléep nlght boe nccesgary by studying thoe effect of loag-
torm palactive REM deprivation in cats, wa found that the procedure produced
no impalrment whataoever® >0, Although we did £ind a wather dromatic aund
characterigtic alteretion of behavier in REHedeprived cats, a result that we

subgaquently confirmed in RElfedoprlved raza’ 72

e W& wero stlll fowced to
couglude that cats coixld digpeunge with REM sleep for Yong pericda, and asufe
fer only tha cousaquence ©f an auhanced drive state. This conclusion did
not soen eompakible with tha univergsl occurrence of REM slecp in adult mame
wals, nor with 18 vigorous componsatory rcﬁzpoasa to deprivation. Indeed, |
the luck of deprivation sssoclated impaivmoent led ug to propose that the |

crucial wle of ¢he REM stote was felfilled fn utero

ia tarmg of caguriag
waxinsl activity duving a dovelopmontal stage when the nervous system is isoe
lated From extamiawcws of stimulation, We also wgg@md that no dge

portant role for R yleap amm& in the adule orgaanisu.




- pome duration of deprivotion had beon accomplishod, vounlly avound 20 - 30

To additlon, our Longe-torm KU deprivation studies slso wndernined the
o

wotion of an obligatory quota of RiM gleep. It was clearly showa that aftes ,

days, the cats seemed to achieve moue sort of equilibriun vhere fuxther doe

priw.i:i.an vielded wuo additional change, eithor fu drive-oricnted behavior

or in tha pize of the zucovery rehound. 4L the tm, i1t secmed poasiblo

. that this equilibrium was achieved through the mchanismg{ of aa iﬁtcnsit;y

change by vhich the amall amounts of RUM aleep ﬂmc. vceasionally eluded the |

daprivation procedure bseams collectively suffielent to forestall the further
acewnwlation of RIM sleep loss. In addition to evidonce of oun increased froe
quency of phasic events within the BEM Lfragmembs, thoe phasic e{rentsvwam also
oeeurring with a greater futenglty s NREM sleepy 1.0., just before tho onset

5573. Thage changes in i‘.nf:ensity‘in gurn sugzested the posglbile

of REH period
1ty thot thoe presumed ebligatory aspect of REM slocp might fnvolve ouly tha
phagic events, in particular, the P60 splhkes; and that the REM perilods might
function solely ag a time in which mastinmal dischorge of this activity could
be achleved sfithout andmgari.ng the organi;m ox intruding upon « theweby poge
8ibly disrupting -~ the functions of the walking date.

Wa wvecently have tested thoe functional squivelence of NREM and REM BCO
apikes, and also the possibility that the HREM spike dischurge provides somo
reduction of the uced for REM perleds. Our method was to deprive cats of
R periods plus WREM PGO gplkes by avousing them Luwdlstely aftor the oce
currenca of the L£irat detectable GO spika &n IREM slsep. This procedurs was
called “spile deprivetion.® The results shosied that the spike deprivation

procedure led to o more rapld deprivation effect and a largor REM sloop rew

vound than the sams amount of classical REM glecp deprivation. Convorssly,
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1f we vere shle to manminize the occurvense of PEO aplkes 4o IREM sleep while
at the smn tine elininatiug REW seriods, the wanipulstion would be followed
by little or no behavioral change and little o¥ no compensabory DENM rebound.

Thoge rosults suggested that the orvelal factor in the REM sleep depilvatione

compensablon phenonanon migm: actually be tha depzivation of 060 gpllic dise
chavge, and further suggested that REM 31&53& foss would elicit wo rcbbomui £
thié vnique nauinl Vdism‘uzma wove achicved in somo alternative manier.

~ The foragoing results woers obvicusly highly velevant to our consistent
£indings of vebound falluve after geloctive REM gleey deprivation in ace
tively 11}. schizoplirenic paticnta, degcribed in an earlier section. Tho
£lxrst au;&est.mu was that the lack of BRI vebound in the patients was due £o
exhanced phasle activity st some other tiwe, possibly in N4 sleop poricds.
We then veallzed hat the postulated dischavge was wove 1ikely to bo oce
curring duriang walkefulness, which would esplain not only the rebound Zoilures,

but the sctive zisychotzc symptonatolozy a3 welle Zhic 1ine of thousht ree

celved preat dmpotus when tha XG0 spike relessing effcct of ¥CPA in ecats bae
cane Imom, and a sitwation that paralleled tha ?as@lm’:e& daytine phasic
event discharge Ia psychotic patfeants wes haues available for study.

Yo decided to ::eét the acouracy of our recsgoning by RMedepriving chronie
. BCPA csts. Fov thie._‘ study, wa conceutrated our ¢fforts on cats who wera on
& plaep=wakefuluoss (érwmu) schedule anzlogous to humans. The firast stoep |
vag to REMedeprive the animals for twoe Jdays by amam.aﬁ the onsct of cach
REH porlod, commienciog femedistely sibar the end of the baseline period, and
befiors tha PCPA ti‘a;mt wag stavted. Afber the initlal poriod of severe

fngsomnla biad pasged and delly BIXM sleep time had returnsd to morve norasl
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ropeated the dopriva

amounts and had atebilized (ercund 10th POIA day)
tion. ‘Thus, each cak sorved ag its o contvol with thvee or four recovery
daye following each proceduva. Twe cats evrvived Lo bo deprived a thivd

timoe afker the withdrawnl of FOPA. Figure § depicts a typical result in &n@

cate All cats showed sinmdlese vasults and provided & striking desoustration

of yet another parallel botueen the actively L1l schizophrenic and the chron;

ic ¥CpA caé;. It should ba uoted that a very slight upword adjustment of the
vate of spika discharge dun vakaefulnass would have been sufficicnt Lo accondes
date tha activity that would ocxdinurily heve beewn discharged during REM
poriods, Thils is bocause isizf&-tomi doily REM cima in scheduled PCPA cato
x-ras--araund one half to two hours and wokefuluncss was often 45 much ag 16 § 18
hours. Neodless to say, when the andmols had vocovered from the éffacm; o?.
2CPA Lo the oxtont that ao DGO spilkes weve sven Juving wohkefuluness, the ads
ditional eplgode of deprivation clicited g subsbantial REM vobounde

Wa have results from only ocone est, but a striking naxallel to the ocoure
- rance of exagperated postedeprivation REM slecp rebourds dn rcﬁi.smd sehiso-
phrenics should be msntfoncd. In this acperiment, @ cat on a 12-houy treade
nill = 12«hour :ac:co:ccfing cago, sleepe-walofulness schedulo was deprived of
REN periods for two days. At the eud of the gecoud deprivagion, the FCPA
troatoent wag startod. The results awe shom in Fipure 9. Instead of no
R wehound, an exaggerated REM webound was observed. This susgested that
even before the warbked reduction of sleep time and the loss of contvol or
contalamsnt of PCO aplhos, ave goon, ax cavlier effect of slowly weakening

or disrupting the function of the serotonerzle weuronsl systoms s 8 "“loogs

enlng up® ov partisl relosse of REM sleep itsels. Such a mochanisa vould

cxplala tho findlug fo sevexel cate thet values for total REM tlmo on the

“
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fleet two daye of PCPA admlnistration were slightly in excese of the maximun
baseline totels. It might elgo mean that a “subs=clinical® impalrment of the

serotonexgic neurons could be uneoverad by an exaggerated response to REM gleap

deprivation, which would ba a phnsiblo axplanation for tha exaggerated REM iepp
rebounds that were obtained from schizophrenic patients who vere without act.ivol )
aympt:omacoiogy, i.e. in re@iaaion%. |
Pinally, Snyde:"a has pointed out that 4 REM deprivation effoct doss not

" appear to ba a 1ikely factoxr 4n the development of an acute schizophrenic
peychosles because there is often a dra(étic:‘ roduction of RIEM sleep time for a fow
days at the onset of the psychotic episode, but no rebound occuxs.a few days
later when the sleep times return to normal levels. This sequence of events

is exactly the same as the changaes over time in chronic PCPA cata. (see Tigure 4);
who slieo show no coxﬁponaatm‘y rebound whon REM times are restored after the
initlal period of insomnis. The mechaniem of these posteinsomnia webound
fallures ie probably the same as has been auggeéted £or the specific REM
deprivation studiee= a complete release of phasic activity as & rasult:bf
aerét:onin deplotion so that no need for additional opportunity teo discharge

accumulaetees as & result of lost REM sleep.

4o The responne of chronfe PCPA cats to chlorpromazine (CPZY.

Bacause the sbove perallals between actively 11l schizophrenics and
chronic PCPA cate were so intriguing, wa daecided to txy for ym:'mm:hm:‘?‘7
Since the most effactive coupound for reversing the paychotic etate s CPZ ‘
or ona of ite derivatives, we decldad to glve the drug to .five ¢ats who had
been receiving 150mg/ke ?@FAI for 5 to 20 consecutive days. These eats all
displayed typical 8GO0 aplkes during vakefulgcsa and the raduced fz’amﬁé@




- wae of shortar duretion.

_Recovary RIEM time wee not elevated after two days of deprivation while on RCPA
alona. However, whea deprivcd only ong day aud given both PCPA and CPZ, the

- .cat showed e 50 percent incresse in REM sloep tima on the irst recovery day. :

=28~

slaop which accompany the daily administration of PCPA. Two of these cate |
exhibiced coapulalve senual mounting of sunother msle cat while om PCPA.
Io avery eat, waling opike activity was reduced and leng perlods of N

uninterrupted aleep weturned aftor’ CPZ. This return to baseline=like p@gge.raﬁ;

varied with both the dosa of CPZ oaud the nuwber of days of prler PC2A aduinie

4

stration. For exaumple, Lo ono cat who had recelved TLPA for 8§ days and was ghen -

givon @ eingle Smgfkg imjection of €PZ, ¢ho results were dromstic. There waa'

- & 90 poreent roduction in t,ha mumber of waking splkes pox hour of wakea.ulness,

£ollowed by 42 wniautes of continuoua sleepy The Zall in the nuuber of waking
spikes and veturn of sleop was evident within 30 minutas after the injectlon

and lasted about 36 houwrs. In cots getting emaller doses of 31’2, the offect '

One cat was REM deprived before and after CPZ adminilstration while on PCPA.

i |
ok

The two cate ia this series who had displayed vigorous mounting of other male " i's
cate coaged this behavior temporaxrily (abeut 24 hours) a_f’car:a singla doge of . l
Pz, o

Blochenical anmalysis of the braln of ous CPZ treated PLPA cat was dons
to be sure that CPZ did mot woversa the surotonin depletion. . No serotonin was -
detectod 1o any of the brain ssmples that were assayed.

Thus, 4in both actively 41l échiz@phmnic pationts and clwonle PCPA cats,

6 revarsal of abnorms

1 behaviow can be achleved by adminlecvation of Cr2. In

the cat, this reversal Lo correlated with the vetuxn te ¢ nermsl distributicn

LI




of PGO spllke diechargae. The simplest interpretation would be that

CPZ tekes over the normal functions of serotenin end/or facllitates

the Junction of eny smsll amounts that @igh@ be presant.

3. Drive chanpes in sccively 111 schisopheenies and chronle PCPA cats,

This iﬁ‘th@ final pavallel we wish to mention, and because it ilos
volvas areas of b@hﬁviﬁﬁ that ave fveught with difficulties (problema
of conceptualization, definition, description, measurement, etc.), we
wish only ¢o point 1t out without making any claim at all as to its
prouise or;auﬁhenticiﬁy@ The rael problem, of cougse, is how to aspeclify
or define %fiﬁ@ behiavioy and drdve functions in schizophrenic patients,

Suffice it to say that the Jdrive functilons are surely severaly disrupted

in one wgy ox enother duving, and perhaps even before and efﬁaﬁ,fﬁyy@hotia '
! o -

epiaodes; As wes deteiled in an earlier section, by far the most N
dramaﬁic{b@haviofsl chenges in PCPA cats were slterstions, wsually
intensifications, in tha overt drive orlented behaviorse sexual bee
havier, eating belwvior, aggressive behavior, exploratory behavior, etec.
Furthermore, therve was marked vaylabllity in these behaviors depending
upon the duration of gserotonin. Thus, tha early changes suggested drivae
enhancement and the later behavior suggestad deive éepragaigas In the
latter situvation, the behavics was essily elicited, but was difficult te

sustain,
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BUMMARY AND CONCILUSIONS
We have described the effacts of chronie E@RA.ﬁdmiaistxati@n i adull
cats together with gome recant obeervations on saelective REM sleep depris

vation in gschizophrenic patients. We then sttempted to draw eignificant

parallels batwegn actively 111 schizophrenics and PCPA csts in the
. following areas: | | |

Lo Similarbdepartures from the normal manifestations of sleep appear
to exist in both conditione. A radugtion in latency to the first REM period
was one of the most obviouslchangas.

2. It was inferred that REM events intrude into the waking state inv
both condittone.. A large cluster of substantive findings support this
inferoncies: although the overall formulation still vremsins hypotheticale

3. Two days of REM sleep deprivation are not followed by & REM
rebound in either actively ill schizophrenics or PCPA cate even when
pre=deprivation (baseline) REM times are essentially normal.

4. It appears that CPZ has the capacity to revaersa nearly ell
abnormalities in both conditions.

5, Drive functions are severely and globally disxupted ov disturbed
in both conditions.

Whether or not these parallels are sufficlent justification for
regarding the chronic PCPA cat &8 an animal model of the actively 111
schizophrenic was not at ilssue in this presentation. Rather, in the
course of desceibing experimental results and pointing out certain
relationships, we have obtained & clearer notion of the consequences

of a presumptive disruptisn in the functional capacity of serotonergie




néurons in the brain, TFor example, at the bepiuning of this presentation

we posed the halfegerious question, what is it that prevents us from

droaning while we are awake? The effects of prolonged PCPA administra

=10

suggest that this is a valid question, and that the answer is a unormally

functioning serotonin system. This system must also play a role in the

normal regul#tian_ of glaep aﬁ certain belmviorss Thus, it wight be
résomblc to conclude that slesp roscarch and the study of sleep
wachanisme hae been and will ba & frultiul approavch to gome of the
problems of mental 1llness. The iﬁformation presented here plus that
which 4e relevant from other £fielda such as the nouropharmacology of

psychotomimat{ec compounds way stimulate a more inteunsive efioxt to

evaluate gerotonin functions iu sechizophrenic patlents. DLven in the

‘unlikely event that important portions of the psychotic asyndromes ave

proven to be unrelated to dream processaes, we can expact that such

investigations will yleld sufficlent clarification of the issue te

ba waell worth the e@ffort.
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ot Figure 2. 0 PGO spikes at onset of a I M P@ZL@@ in the cat., Derivations’
byt \ , ; ‘ '
! iGN, lateral geniculate ngcle @“*Q}‘g @l@etf&@y@ggam g o posterior neclk

musclea, EOG, electreaoculogr&mg CIX ( a@rti@al brain wa?ese' Note high ampli

' o o

. tude (polarlty ie mrrelevanc) sxngle P@O skaes in IGN ab@ut 20 seconds hefo

‘4 N 0 : f

onset of REM perxod (EMG suppressxon and EEG &ctmvatxon) Bursts oﬁ eye movm

. ‘ : . '

‘,mente and PGO aplkes occur enmultanecusly wmth EEG actxvaﬁxona EWG suppres“~

S
N v M' Sy

W'Qal bratmons'
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. Callibrations: 350 uV, 1 sec.i A. At 0410 the anxmal was in a REM. per;od and

~ behavioz, The steady EMG level indicates lack @g gﬁ@é@ bady movemen@e'%ﬂf

Jtion of PCPA. All tracings ere ﬁxem the same cat on the same day and were
recording f£rom the left lateral geniculate nucleus (ILGN) and the bottom( .
tracing 'is the axmultaneous electromyogram from the postexior neck musclee.

Athe sample tracxngs show the- tprcal PGO Splke actxvxty along wmth the charac-ﬁ

\shown'in'these‘samples remained £lat even during body movements. The brieﬁ-bl

®

Figure 3. Development of PGO spikee in the waking state during administ%a-:fﬁ”A‘fj

b

selected from a single four h@uf zime period (0400 to 0800) during which thé

major changes happened to occuxr. The top tracing of each pair is a bipolarfe

¢

i

texistic EMG suppreasion. There is a mmnxscule bit of act;vmty toward the

end of the EMG sample (arrow) which is concomitant with a flurry of muscular '

twitching. B. This eample wag taken from a perlod of wakefulness at around

l vt

0420. It was exactly like all other recordings seen durlng wakefulness 1n

a month of continuous,baseline observation., The particular LGN derivation-hgt

but marked increase of EMG dischaxge in this tracing indicates gross bodily;“”f
movement. The overall high level of EMG activity is more ox less unique by

to the wékipg states Qs At 0437, which was approximately 45 hours eiter

PCPA administraeion was begun,:the first unequivocal PGO<spike during kae-,
fulness was seen {arrow). féé The first good ?urst of spike activity occurredf
at 0449 and was accompanied by searching movements ef the head and eyes (note};“
EMC upsurge) . E.. By 0630, the PGO spike discharge was virtually'eontineousﬁ‘
and the cat remained fullyQewakelfor'eeveralvhouré? F. This sample wae.sefﬁ‘
lected to illustrate some of the variability iﬁ the diechargeipatcern of PGQ f7
spikes. Lc also shows that a less intenae nonwbursting level of PGO sp;ke
activity was. apparently ;neuffxenenﬁ for zhe prcductxem of “halluc;ae@@xy"'
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- -precipitous drop in both klnds of eleep whmch reaches 1ta trough on the flfth

Figure 4. Changes in daily amounts: of REM sleep and NREM sleep ;n'cet

z

receivin g p=chlorophenylalanine (PCPA) and recorded 24 hours per day. All the>}f”'

recordxngs were carefully scored through a ba&eane permod end 8 consecutlve

24 hour pez;ods on the serotonin depleting drug. The daily'values fof REM anda

NREM sleep are expressed as per cent of the basellae mean. Note that no glge

[

nlfmcant change occura on ﬁhe fLrsﬁ ﬁwa days of PCPA admlnlstratlon except

!

. '3

possxbly a modest rise in totel REM time. Oavﬁhe third PCPA day, there is a‘{

B f

day. Essentlally noxmal’ 1evels of sleep are achleved by the elghth PCPA day ‘

(although still substantlally below the baselxne values) f Brexn serotonxn:

is approximately zero at chie point:suggescing that‘it is‘netfe‘crucial,agent:fe
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Elgure Se ?@lygxaphéc samples ﬁr@m paeriocds of REM @l@e? b@fﬁze*(ldwar IR %

% sample} ané after (upper sample) treatment with paraahloraphenylalan;nee

n b

LGN, xighc and left latersl geniculate nuclei; CTX, t;an&acr@aeal record;nga "“
. t 'i‘ .'..

from right and left visual covtex; EOG; right and lefﬁ electroéoculogram;

EMG, electromyogram fzom the pOS&erlﬁﬁ neck muscles. The d;ssharge rate of
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"y . -ing or seeking manner.

Figure 6.

¢

"PGO sp;k@ bursts in cat tf@aﬁ@d with parachlorophenylalanine.
- and rxght 1@&@:&1 geniculate! nuclei; EOG,
in vertical (upper tracing) and horizontal planes; CTX, ele@groéncephalagram3=

from left and rzght vxaual coriex; I:.MGs elegtromyagxam from postermor neck

‘muscles HIPP, d@xsal hippocampus.

presses ‘a button whmch shorts out FMG whenever he gudg@s thaﬁ cat is "halLua

cinating."

4‘(about 3 sec in this exampl@) dqung whxch the ca@ l@oks around in'a search-

and observer's slgnal ia due to a falrly substangzal reaction tmme whlch

anludes, on occae;ony & rathet domplex dec

Example of @@ﬁf@l&&ivg evaluatlion of

. - : 'I' a
electro=oculogran from electrodes | |'!

An. ebsefver wh@ i watch;ng the cat
These "halluc;naﬁefy" eplgades are, most gyp;cally, brxef perLods

The 1ag time between spike burst in the LGN tracxngs

Yhallueinations®™ and 00

LGN, left
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‘ wz.th two sp:.kea Ln the lateral genwulaﬁe nucleus» _

derivation;
electromyogram £from poater:.or neck muac;:'leﬁse

'pressmn (axrow) ie closely followed by a- "K." complex in the EEG which,

_ spreada to the eye. l.eadau In Lhe cat t:‘he EMG guppreeamn L& comnc:.dem:

Calz’bmnon s l second. .

RETER Rt
BTN ~

» il
o ' il
\Q.' .ai
. Figure 7. Phasic elegtmmyogmphw guppms&mna during NBEM @leep in man
¢
“and cat. EOG, slectroocculographic derivations ; EEG, bﬁa;n waves from c.:,:Az I
. i o

CTX, e?!.eci:"i:.r:m:m-:'t:,:xafzse')g'a.:.zums LGN, lateral geniaulat,e nucleus; E\IG, R

In the human sample, the sup- !
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“nylalanine (PCPA). The daily REM time values‘in this cat during the twa Sl

‘ Figure . Rebound fallure in o catchronically treated with pechlorophew y(ﬁ“
v ‘ ) » i R

deprivation periocds are ehpxeaaed in per cent of the baaal&ne REM .sleep time

Since there is usually a small feducclon &n the daily RLM time: after an anxmﬁljﬁﬁﬂ

;

has been stabilized on PCPA, 100 per cent of baselkne actually representa a

¥

dlfferent value in the ?CEA candmﬁxon versus the @@ncéal ccmdlt:wn0 These

Values are Lndlcated on: the graph in noufs and mlnutese As can be seeng
‘

v

a 12=12 schedule (12 houxrs on treadmill= 12 hours in- recordlng cage) Ln the‘
. EE
PCPA condition, two days of deprxvaLLon resulted lﬂ no makeup at all. Thel

"

REM rebound followxng the similaz perLod of deprivatxon prior to the admLff

|

{ Y )
!
i
!

nistration of PCPA was of normal sxze. The failure to rebound whxle on

PCPA is to all intents and purposes an exact dupllcatlon of the results of.

1
' t

~ REM sleep deprlvatxon in actlvely ill schzzoPhrenLc patlenta. It is posexble

that the chronLc PCPA animal may aerve as a ueeful model cf the actzvely :'
RO T { s
) - R PRI ;‘;\j B A
~navchotzc.c_11é_xsm,_m humans , ..‘...."..m. e T
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n

. 69 percent above the baseline means'

" However, the second recovexy day was. completely unxque xn that the REM sleep

‘ﬂflevel was etill strikingly elevated,

was not anluded Ln the makeup calculataon.

'baaelxne, D for deprzvatzon, and R for recaverye

o OF BASELINE MEAN REM TIME

' ‘ D
Figwr@' 9. Unusually high REM rebound a&s@clagaé with the initiation @f ’

g

the ECPA treatment in one cat., This animal spent 12 hours %ach.éay on &’

traadm;TL chroughout the atudy and @lept ad ;;Qﬁ in his éacazding cage during |’

the other 12. The firvet dose of PGEAvwas admini@ﬁ@red immediately after the

i

second deprlvatlan recorélng period. Twelve ‘hours later, the anlmal startedif:

{ ]

on his first day of uaninterrupted recovery sleep, dur;ng whxch REM time was

very ﬁéa?é@kabl@ but not unLque amounto

By recovery day 3 the fullblown PGEA
effect with waking PGO spikes . and insamnia had emerged,,wh;ch also affecte@
total REM time. ﬁIn.spite of this?ithe‘ﬁextia">R@gpsléep o§ the firé; two
recovery days was‘nearly_twiee aabgreatféé the 3:; day rgbound'théﬁ typically
‘I‘herefore, 't,he valué on "this 3'rd day ;

l

follows two days . of deprzvatzon in cats.

On the absc&ssa, B stands f?r N

&
-

(50 SR
PCPAé !
o ﬂcﬁ§ (

100

baseline
mean = 2 h. [Sm

r
. -






